Study design: Retrospective analysis. Objectives: In patients with spinal cord injury, limitations in upper extremity (UE) motor function are cited as a reason for the lack of adherence to clean intermittent catheterization (CIC). By examining the UE function in spinal cord injury (SCI) patients, we aim to provide insight into why CIC 'dropout' occurs and determine a more appropriate target percentage for CIC in this patient population. Setting: United States centers participating in National Spinal Cord Injury Database (NSCID). Methods: We assessed discharge data from the 2006 to 2012 NSCID. Neurologic motor scores for C5 to C8 (involved in UE movement) were transformed into a binary variable consisting of the ability ('strong') or the inability ('weak') to achieve active motion against resistance. We generated an algorithm based on expert opinion and published literature to categorize a person's ability to perform CIC by the UE function alone. Results: Of the 4481 patients evaluated, 77.3% were unable to volitionally void. Of this subset, 58.8% were categorized as able to catheterize, 12.9% as possibly able, 4.3% as only able with surgical assistance and 23.3% as unable. Among patients discharged with an indwelling catheter, 33.4% had adequate UE function for CIC. Among patients performing CIC at discharge, 14.1% had inadequate UE function for self-catheterization. Conclusions: CIC dropout may occur at least, in part, because of inadequate UE motor function. In a 'best-case' scenario,~76% of patients with SCI who cannot volitionally void could potentially perform CIC given appropriate assistance.
INTRODUCTION
Roughly 270 000 persons in the United States have sustained a spinal cord injury (SCI), with an estimated 12 000 new cases occurring annually. 1 The majority of patients with SCI have bladder dysfunction because of their injury, with over 75% unable to volitionally void. 2 As Lapides et al. 3 published their seminal work in 1972, clean intermittent catheterization (CIC) has been championed as the 'gold standard' in what patients and physicians should strive to achieve for neurogenic bladder management. 3 Compared with indwelling catheters, condom catheters and reflex voiding, there are significantly fewer complications in persons performing CIC. [4] [5] [6] However, many patients with SCI have difficulty in performing CIC. This includes patients with (a) limited upper extremity (UE) motor function, (b) anatomic limitations that make accessing the urethra difficult (e.g., females or obese persons) and (c) limited functional bladder capacity (due to detrusor overactivity or poor bladder compliance). Thus, in many instances, CIC may not be feasible from a functional or a social standpoint.
To regain bladder independence, many patients frequently opt for indwelling urethral or suprapubic urinary catheters. Although nearly 60% of patients who are unable to volitionally void after SCI are performing CIC at the time of discharge from rehabilitation, only half of this subset continue to do so at 5-year follow-up. 2 Although urologic surgical intervention can help patients with incontinence or certain anatomic problems, UE function is in most instances irreparable.
The purpose of this study is to provide an in-depth look at the UE motor function in the SCI population at the time of discharge from rehabilitation, with additional attention to other anatomic factors such as gender and body mass index (BMI) that might affect selfcatheterization. From this information, we hope to provide insight into why CIC 'dropout' occurs and to more accurately determine a 'true' target percentage for CIC in the SCI population.
PATIENTS AND METHODS
We assessed Form I data for the years 2006 to 2012 from the National Spinal Cord Injury Database (NSCID), a large database that includes medical and demographic data on patients with SCI in designated Model Spinal Cord Injury Systems facilities in the United States. 7 Form I is administered during a patient's initial rehabilitation process, before discharge from an in-patient rehabilitation service. As part of the evaluation, a complete neurologic motor exam is administered at the time of discharge, including a separate assessment of the left and right side from C5 to C8. The motor scores for each side and level are graded individually from 0 to 5 (0 = total paralysis; 1 = palpable or visible contraction; 2 = active movement, full range of motion with gravity eliminated; 3 = active movement, full range of motion against gravity; 4 = active movement, full range of motion against moderate resistance; 5 = active movement, full range of motion against full resistance). Form I additionally includes patient demographics, patient health information and bladder management method at discharge.
We transformed the neurologic motor scores at levels C5 to C8 (involved in the control of movement of the UEs) into a binary variable, consisting of the ability or the inability to achieve active motion against moderate or full resistance and reclassified them as 'strong' (manual muscle test grade 4 or 5) and 'weak' (manual muscle test grade 0, 1, 2 or 3), respectively. Using these scores and expert opinion, we characterized a person's ability to self-catheterize based only on UE motor strength. This was categorized as follows: (a) able to catheterize, (b) possibly able to catheterize, (c) able to catheterize only with reconstructive surgical intervention (e.g., catheterizable stoma construction or tendon transfer surgery) and (d) unable to catheterize even with reconstructive surgical intervention. Our algorithm for classifying the ability to perform CIC is shown in Figure 1 .
Patients were excluded from the study if a motor examination was not recorded before discharge or if a patient was younger than 13 years of age. Cross-sectional associations among demographic characteristics, health characteristics and bladder management methods were tested using the χ 2 test. All data manipulation and statistics were performed using Stata version 12.1 (StataCorp, College Station, TX, USA).
RESULTS
Form I data were available for 5018 patients in the NSCID for the years 2006 to 2012. After exclusions, a total of 4481 patients were evaluated, including 1016 (22.7%) patients who were able to volitionally void and 3465 (77.3%) patients who were unable to volitionally void. Demographic characteristics and overall SCI levels were similar between all patients and the subgroup of patients who were unable to volitionally void at discharge (Table 1) . A significant difference in bladder management at the time of discharge was noted on the basis of American Spinal Injury Association Impairment Scale. Greater than 85% of patients able to void volitionally at discharge were classified as American Spinal Injury Association Impairment Scale D, whereas o20% of patients who were discharged with a non-volitional bladder management were classified as American Spinal Injury Association Impairment Scale D (Po0.001).
The bladder management of patients unable to volitionally void at the time of discharge from rehabilitation is shown in Table 2 . The percentage of individuals whose bladder was managed with an indwelling catheter was higher in women compared with that in men (42.9% vs 29.3%, Po0.001), whereas the percentage of individuals whose bladder was managed with CIC was lower in women compared with that in men (49.5% vs 61.5%, Po0.001). For patients who were unable to volitionally void, CIC (59.2%) was more commonly used compared with indwelling catheterization (31.9%) or condom catheterization (2.5%).
On the basis of our assessment of an individual's UE function, patients who were discharged performing CIC were more likely to have adequate UE function to self-catheterize compared with those discharged with an indwelling catheter (72.0% vs 33.4%, Po0.001) (Table 3) . It is notable, however, that of patients discharged with an indwelling catheter more than one-third had adequate UE function for CIC, with an additional 17.1% possibly able to perform CIC and another 6.4% potentially able to catheterize with surgical intervention. Thus, a total of 56.9% of patients discharged with an indwelling catheter had UE function that did not preclude bladder management with CIC. Conversely, in the group performing CIC at discharge, 14.1% had inadequate UE function for self-catheterization and another 3% would be unable to self-catheterize without surgical intervention.
Among all patients who could not volitionally void at discharge from rehabilitation, 58.8% were able to catheterize by our UE function criteria alone, 12.9% were possibly able to catheterize and 4.3% would be able to catheterize with surgical assistance. Only 23.3% of these Figure 1 Algorithm for the ability to self-catheterize based on UE motor strength scores.
Upper extremity function in SCI bladder management DV Zlatev et al patients would be completely unable to independently perform CIC on the basis of UE function criteria. BMI and gender were also evaluated as potential barriers to CIC. Among SCI patients who could not volitionally void, 22.6% were classified as obese, morbidly obese or super obese. Female patients were more likely to be obese (BMI 30 kg m − 2 or more) compared with male patients (30.5% vs 20.7%, Po0.001) ( Table 4) . BMI appeared to have a significant impact on bladder management at discharge. In women with BMI 425 kg m − 2 (overweight, obese or morbidly/super obese), the rate of CIC bladder management decreased significantly, and the rate of IC bladder management increased significantly (Po0.001 for both). In men, increases in BMI had no significant association with the choice of bladder management at hospital discharge. In addition, there was no statistical difference in the UE function between males and females or among different classifications of BMI (P40.05 for all groups) (data not shown).
In a 'best-case' scenario among SCI patients who could not volitionally void at the time of discharge and based on our algorithm were classified as able, possibly able or only able to catheterize with surgical assistance,~76% had the UE function to potentially perform CIC given appropriate patient motivation, an adequate home support system and prosthetic or surgical assistance (i.e. tenodesis aids, tendon transfer, construction of catheterizable stoma). Conversely, in a 'worstcase' scenario assuming all females, all obese or morbidly/super obese males and anyone with non-optimal hand function (possibly able to catheterize or able to catheterize only with surgical assistance) could not catheterize independently, only~38% of SCI patients could potentially perform CIC.
DISCUSSION
Although CIC is widely accepted as the bladder management method with lowest long-term morbidity, the fact that up to 50% of patients abandon its use within 5 years of follow-up suggests that investigation must be carried out to understand why this occurs. On the basis of previous data, inadequate UE function is a significant barrier to a patient's adopting of CIC 8 and might have a prominent role in this 'dropout'. In our study, 58.8% of SCI patients who are unable to volitionally void possess the UE function adequate enough to independently perform CIC, whereas 23.3% lack the UE function to self-catheterize. These rates are similar to the actual bladder management at discharge from rehabilitation for these patients (59% CIC, 32% indwelling catheter). It is notable, however, that our UE function algorithm proposes that up to 14% of patients discharged home with CIC for bladder management are likely unable to self-catheterize and another 3% would require surgical intervention to successfully self-catheterize. This suggests that CIC 'dropout' may be, in part, because of a patient's physical inability to independently perform self-catheterization. These UE function data also suggest that the percentage of patients discharged with an indwelling catheter for bladder management has the potential to be decreased, as 433% of these patients have adequate UE function to perform CIC and another 23% are possibly able or able with surgical assistance.
Although the UE function was similar in male and female SCI patients, the 10% difference in CIC and IC rates between the groups b A = complete injury, no sensory or motor function preserved in sacral segments S4-S5; B = incomplete injury, sensory but not motor function preserved below neurological level and sacral segments S4-S5; C = incomplete injury, motor function preserved below neurological level and more than half of key muscles below neurological level have muscle grade o3; D = incomplete injury, motor function preserved below neurological level and at least half of key muscles below neurological level have muscle grade ⩾ 3; E = normal sensory and motor functions. suggests that anatomic issues also affect the adoption of CIC. Our subanalysis suggests that BMI may further have a role in this difference, as significantly more female SCI patients were classified as obese or morbidly/super obese as compared with males. Although an increase in BMI does not significantly affect CIC adoption in men, women were significantly affected once their BMI exceeded 25 kg m − 2 . This study was also intended to help quantify a reasonable proportion of SCI patients who could be discharged on CIC. On the basis of the UE function alone, our results suggest that a number approaching 60% is reasonable. However, with more effective intervention, this number could be increased to 75%. Prior studies have suggested that modalities such as occupational therapy training, handgrip aids, tendon transfer surgery and catheterizable stoma construction are effective 9-13 but often underutilized. 14 Importantly, the UE function is not the only barrier patients have to the adoption of CIC. Anatomic considerations (gender, BMI), 2,13 uncontrolled incontinence 15 and cognitive impairment following concomitant brain injury 16 may also affect the adoption and continuance of CIC. Thus, increased attention to these areas is necessary.
Our findings and conclusions can be criticized from the perspective that a standard algorithm for the UE function necessary to perform self-catheterization has not been previously constructed nor tested. Thus, we mainly rely on expert opinion for our categorization scheme. However, the reported CIC rates in a recent small case series compared favorably with our algorithm (C4-unable to do CIC, C5-36.4% CIC, C6-66.7% CIC and C7-85.7% CIC). 17 The NCSID does not contain data for several characteristics that influence the choice of the bladder management method, including uncontrolled urinary incontinence, patient motivation, adequate home support system and comprehensive brain injury data that could affect one's cognitive ability to independently perform CIC. The NCSID also cannot account for varying institutional policies regarding the engagement and motivation of patients to perform CIC, which might provide alternative reasons for discharge of patients with adequate UE motor function on a bladder management other than CIC. Finally, longitudinal follow-up of patients to assess whether a poor UE function is indeed a risk factor for CIC 'dropout ' has not yet been performed.
Despite these limitations, our study is the first to comprehensively evaluate the UE motor function and its relation to bladder management in the SCI population. This study is further strengthened by a large number of patients and includes data from complete and standardized motor strength exams. As the NCSID encompasses 15% of the SCI population of the United States, the study sample is also highly representative. 1 CONCLUSION CIC dropout may occur at least, in part, because of inadequate UE motor function. Future follow-up will be needed to further validate this concept. In a 'best-case' scenario,~76% of SCI patients who cannot volitionally void could potentially perform CIC given appropriate assistance.
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